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[0 0 0 4] 

0 5ii, ^^CD^fb^^^^^l^-^^^^Tffi^^ff&glT^^ (S.Nakamura. 
, Jan.J.Appl. 35,L74(1996)) „ 0 5fC^T, gfl^&^tt V — tf^li, 
^^M^^^ffi^^ (MOVPE) feffiV^f^LTV^., (0001) ® & t f 
§f77^ rS«51±lC<SMT*30nm©J?$C)r> F-zfmtXV (G a N 

) A>y7 7f52?:Mtl) 0 #ClC J/'J3> (Si) ?:ttbfe3Am0)|$©n 
iGaN3>^ hJf53, S i fcSsj&O L fcO. 1 ^ m<Dj?$ ©nMln^gG a 0>g N54 
, S i &»bfc0.4/ i m(Z))?$«Al ()il5 Ga 0i85 N^7^ hJS55, S i & 
iitlbfeO.Um0)?$(Z)niGaN^^M KJg56, 2.5 n m(Z)j¥^ (DY > K-^ 
I n Q 2 G a 08 N i^-^pl il5 n m<DW-^ ©7 > K- ^I" 0 .05 G a 0.95 N ^ M 
B#e>fcS26J3»©^M*^#^#H£iSttJf57, A (Mg) Sr^flHO 

fe20nm(7)|p:$(Z)pMA 1 0 .2 G a 0.8 N M58 ^ M S ^^LfeO.U m®J?$©P 
gy G aNW Mg $:»Pbfc0.4^m(7)^$^)pMA 1 0 .15 G a 0.8 N 

V^V KJf60, Mg Sr^l>fc0.5At mffl]|^©pfG aN3>#^7 hJf6l£HH#C 
^f5 a ®^ICpM<Z)G aNn>#* hM6i_tlcr.y>r;i/ (Ni) (Au 
) 7^&£pMm®62, nMG aN=3>^^ hjg53iC^-^> (Ti) -7;i/^-? 
A ( A 1 ) "Q&£nMmii63£:7£j£t-£ a 
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IftSrtIltxyf>^©IIS: 3 0 0 TC&_hT*fr? ^ 
[0012] 

^^M^^l:tl^^^^^^-»TOS:^ ; fe^ : feJ : V^ 0 ttrillit (Au) , 
(Pt) , (Ti) (Au) . A^v^A (Pd) -± (Au) 

, (Ni) -± (Au) . Ti-fi^ (Pd) -Au, A u Z ru Au 

G e 0DV^*lfrT-&£ o 
[0013] 

mm&¥m<*M\*I n x G a^N (O^x^l) , Al x G ai _ x N (O^x^l 

N (O^x^l) , Al x G ai _ x N (O^x^l) , A1 X I n y G ai _ x _ y N (0^ x 
+ y ^1) <Do%'P&< 2 -D&ffl&Z'&tiZ. £. ZW$L£.-tZ>° 
[00 14] 

mim&^mfom^mmiz. ^ttiz-if, is^^^-f, tifMb7> 

[0 0 15] 
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a et al., Crystal Res. & Technol. 17 1982 3 365-371). ^6D#^-£&, U 

M/t^G a N) ^tf)i^iHCOVxTMtj^£^TV^V^ 
[0 0 17] 

«^(5 r )^M£fflVV xy^>y^£:300°C^ b£ 0 -£<Z)*S^ 300°CCD^ 
T*texy-^>^i&g# 1 B#r£^fcU, 10# m^g£xy^>y)&gtff£<, 300 

$:300°C£A_t(DUmZ't& Ga N & 1 t#|S& V 10 a mgiffl x y ^ y 
^7? X v y ? £ ft 5 r £ # fc> o feo 
[0 0 18] 

^3^£xy^>^0>g«©J^S<a^£*«)£:i£lc«fc ^vf-ylfi&g. ( 

IC, U^^^^m(Z)^^^*^C^^4^TV^^^^$: + ^^l§^ii:T^^x^^> 
[0019] 

0 2 ttiJ- y 7 A 71C OVMT^M^-M^U ^lC*f-tSBS^G)f!l-^^x^^>y 
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^S:1^2i:U, ilM^)fiI^ 2 4 0°C^3 6 0 "C (DmxMit^^fc. t» 
[0 0 2 2] 

*mx*&z> B m3fr?>m±>fr&£oic, y-77-(T&£tfG &N(DJiv?->>fm 

>f7»^77^7l«£(^i^>^t^S^^^^ofc D 
[0 0 2 3] 

mm^mmLr^tz^, g a^m^mmcBB^nn^^x^fco z.<ntz.m 
um^±^^^x^yr-(rmmcD^v^y^Mm^m<^^m^x^. mvto 

[0 0 2 4 ] 
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<m i <Dmm<Dmm>^m<Dm i ©^©^m^^^t, hi i &#mlth& 

b fc*3g^ > x ^ > JC J: »j "9" 7 7 A TSi £ b gftfc*¥#ttJ? 

[0 0 2 6] 

|0«blC, j?£300/zmtf> (0001) 7 7 -f 7S«1 l±lcW«fc£Mft^*B 

(MOVPE) SrE^T, H^l/imilCGaN^^Tl^Wt 
£ D 7£fC> GaNA>y77il2±lC, S i O z IS:Mb7* h'J V^7>f- 

* h^-f ^ftte, [11-20] yj^A^lO 0 IWTMbt^^) D HVMT, & 
(HC1) /tfUtf* (Ga) , T>^-r (NH 3 ) , *lPt(H 2 ) &«Vn 
fe^btlf^iao^ffi^^ (VPE: Vapor Phase Epitaxy) tC «fc U , J^fi^fclO 
00°C, Ga±i:MtSHCltS:^40cc, NHgtf* fc4*#1000ccT* G a N 0) 
J&R & ft V ^1^1^14, VX^13±&iI«)3i/u^o 180^©^^ ^77>f 

0 (01 (a) ) 0 

m^X. G aNmi5^ffilCj?S300nm(Z)S i0 2 mi6&^L/, £<ifCjf:£50 
nm ©f^> (Ti) £J|C£0.4/*m<Z)& (Au) £#MH7£bT7&j£-*S(!a 
1 (b) ). #M*17&?§»&, *iH^X#H^*. 450X:©ffiST?10^ra««i 

[0 0 2 7] 

r ^ t C, U A,gghg^£ 1 ft 2 (DfJ^©^^^^ii«©#V>fe§§§CAtl335 
COXy^>y^^e) a ^230#T'j?3300,um<Z>^7 7>f TS«ll#?£ft?^ X >y 
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GaN;1>y7 7Ml2, Si0 2 ®7X^13, GaNll5 

rossitsswts (mi (c) ) „ 

[ 0 0 2 8] 

$ G a NMl5^ffiiC^^bfe^mi7§rffi^^^^(Z)M^^T-n:^^> 

y l, s i o 2 mi6*&mT*m&LZG & ni mzx^mmmm^B^t^ m 

1 (d) ) „ t7 7^rlf©ii^^GaNll5^ffi(cnil7$:^Lt^ 
[0 0 2 9] 

[0 0 3 0] 

t77^ yg«iccm&mv^^bfc#, u-ioo)© 

M®, (l-102)<73Rffi^(7M.£*gMS«£ffl^T fcx y ^ > 4^ 5 d i: £ 
[0 0 3 1 ] 

jg'ffi £ #Jf. U T 300°C J^iiCDMJgtC tSIh^ltbV^ 
[0 0 3 2] 

G a Nj^35(Z)^fiII17h bTi*^50nmCDT i £.m^0 .4 # mCQ A u & ffl V^c 
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sea Nmsm^fcm<n&mmm*miz>tc.fo. i>its i o 2 m±ic^ufe 

jb\ G aNm350D^M$:±i:t-5(Z)T*$)n«S i Ogjglttfc < T J: 
[0 0 3 3 ] 

g a Nms5mm<^unmsKDum^ bt, (to (au 

) fcJB^fctf, 0i (Pt) , Ti-Pt-Au, Ti-Pt, Au, rt'yVV 
U (Pd) -Au, — vTJb (Ni) -Au, T Jl 5. — (Al) -Au, A 

u z n, a u g e^&v /vmtmmtz^&m^mz^v^yfLte^ttm^^ 
n it mm 

[0 0 3 4] 

t77>f TS«31±{CG a N/t^7 7i32, G a N ^35 b feM^ b 7c 

Cltl^ClSk^&^T'tefc^ In^jJ (O^x^l) , Al x G ai _ x N (0^ 
x^l) fecfc^Al^nyGaj^yN (O^x + y^l) , tfclt, Ztl^CDMV^m^'V 

[0 0 3 5 ] 

#fMbTHtt^t-£ 0 f§2CDmfe<Z>7£JSte, ^7r>f 7S«±fc:j£^bfegft^ 
^^jp:^^ x y ^ y tfWLlz <fc »; -9- y y >f 7S« £ UTlftM^^l? 

[0 0 3 6] 

H2©^ifctf>7£JST*li, a«W^^bTii:^300^m(7) (0001) ffi©t77^ 
7£«&ffl^5- r©-9-7T>TTS«31±lC, ^fc&Mft^&ffifSSeS (MOV 
PE) tCiU, f$Um§S©GaNA7 7rl32Mt§. #C&C GaN 
7ivyrMS2±{zm^0.3f J i m(DS i 0 2 SlSr^b, "7* h U V 9*5? 4 
iltfxy M>yf>^'T\ VX^33^^ngt534$: [1-100] # fa IC * h ^ >f ^ 

P E : Vapor Phase Epitaxy) £ffiV^T, 950°C J^±(Z)^T:\ PgP34^ ?>fig^ 
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&£kbfz.G a Nm35^®tC, H$50n m«±(Z) S i 0 2 1 (gl^-itf) * J? £50 
nm@^©^#> (Ti) J:J|$0.UmgJ:(Di (Au) ££^lg30h LT7£ 
fifc-TS.. ^M30tf)^$u 400°C^±CD^M-e^7--;b§r^e) (04(a)). 
[0 0 3 7] 

£lyf>^LTSlit5. Zb\Z3iy?-y>fZmV* GaNJ^32, Si0 2 7 
X^33, fotfRm&®<nG aNm35£X*x.v?->y*:fi : 5 . $^T, Ti-A 
utf)^M30£i* (5l^2l^SE©ii^) T*I&£U S i 0 2 M33£,« (HF 
) fiSlTG aNJ^OMalr^t^b^ (i4(b))„ 
[0 0 3 8] 

g a NMtt±\zmk®&¥m<b\/-V&fe*%&&%fc¥^&&& ( 

MOVPE) £^TfE^t-£ 0 1000°C 0SSlC#fi b T\ S i fc^ltl LfcJ?£ 
1 ^mWnMGaNjgSe, S i £»tl L fei? $ 0 .4 n m<7)nMAl 0 ^ 15 Ga Q >85 N? =y V 
bjg37 % S i S^itlLfeJISO.liitmOnMG a N3fe^ 2.5 n m<D 

jy K-^In 0>2 Ga 0>8 Ni^-#F?jg^)?$5nmCDT> K - ^1 V 05 Ga 0 _ g5 N^M 
jf ^^^S10M^(7)#mi^ffF«^^ffiii39, (Mg) £»tlb 

fej?^20nm©pMAl 0 2 Ga Q gNjf40, Mg^ttb^H^O.UmfflpSGaN^ 
#>f FJ14U MgfcgSj&tlLkJ?;* 0. 4 # mCDpMAl^ ^ g N? ^ y FJf42, M 
g Wlfc)|$0.5Mni(Z)pSG a Nr?># ^7 h Jg43 £ )E#C7£fi£ L ^ - ^M^m 
T&ZBf&'f&o pM<73 GaN3>M hJg43JtiCj?£50n m(DA^ W -l* (Pd) 
£i?3 0. 3Am©t (Au) 0) pMm^44£^J&-t£ a SfHC, GaNl35© 
«®lCj?£50nm<Z)T 0. 3 # mtf>y;i/ ^ — A (Al) A^&SnM 

^45&^^-r§ (04 (c) ) „ 
[0 0 3 9] 

31 2 (D%W>0)BMXIZ, s\^umfa(Dm£lZ£ U^^tlfcG a Nlgl5<Z)*glIr£ 
MhttM^5'^t\ S=K_tlc^f S^^u— (LD) , mt#J* 

- ^m^mytm^m^^nmm b^y i/^r^iffvu xmmizm lt 
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[0 0 4 0] 

m2CDH^(7)^M-eti> f77>f yg«lCC®£jg^T^bfc#, (1-100)<Z) 
[0 0 4 1 ] 

GaN^35fS®(D^Ml37CDM^bT, (Ti) (Au) 

£fflV^c#\ fit (Pt) , Ti— Pt— Au, Ti-Pt, A u , rt^VVI* 
(Pd) -Au, ~*j>T)\s (Ni) -Au, yft\—*?l± (Al) -Au, Au 

z n, Aug e m<D^ /umtmm^^^u^mz^y^y^h^^unx^ft 

[0 0 4 2] 

•9-7T>fT««31_htCG aNA>y77l32, G a N ^35 £0$; L feit^ U 
i)K Z.tlb\zm*>nZ>*)<DX*tete<. In^N (O^x^l) , A^Ga^N (0^ 
x^l) feJ:t>*Al x In y G ai _ x _ y N (O^x + y^l) , Z. ft ^ ©JgttflHfe 

[0 0 4 3] 

^>ye%m<, Ilfl^ l JGaNl32, Si0 2 ^X^33, MlW^tf) 
[0 0 4 4] 

mm^m^Lxmitm^m^^-^m^^^mLx^^. 
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[0 0 4 5 ] 

#J#){C, m& SOOtimO) (0001) W77^ 7«31±iC|f 2 In m^S^G 
aNK32#J&J*Sftfc£«£ffi^, G a NB*32_tlCS i 0 2 1W17^ N U 

^33. f£^$c34te, ^^2/* m,&tf3/im<Z)*g<Z)* h^^zf^t U 
-Y^fttt [1-100] tfftfcbfc. i^T, i&ttTMPt (HC1) /A''J^A (Ga 

) , r>^-r (nh 3 ) . 7km(H 2 )*m^zmtmnmwia>^&-& (vpe : v 

apor Phase Epitaxy) IC <fc »J , 200 # m(7) G a N mttZfcf&'f Z> * GaNjf35& 
S i^*»£^bT nMlCbTV^S (05 (a) ) □ 
[0 0 4 6] 

G a NM35±lC^fc%^^^U— ^H^^^fll^M-ffc:^^^ ( 
MOVPE) &J8V^TftM83't5- 1000°C<Z)^&C#^bT> S i 
1 ,um(7)nMGaNJi36, S i £8Sj&tJ b fcJ^S 0.4 ^ m<Dn§?Al 0f 15 Ga 0 _ 85 N? =y V 
bjf37, S i *mUL f=.mtS0. 1 fi mCDnMG a Nft#>f KJg38, j?£2.5nm(Z) 
T> K-^In 0>2 Ga 0>8 N*?#FMil/?^5nmC7)T> K~ ^l n 0 .05 Ga 0.95 N[ ^ M 
M^&£lOMM<2#fi*^#F«^ttM39, v^i/^A (Mg) £»Jb 
feJ|f£20nmC7)pMAl 0 2 Ga 0 _ 8 N/g40, M g b J? $ 0. 1 ^ m(DpMG a N % 

KJf 4b Mg $:»nbfcji:$ 0. 4 Am(Z)pMAl 0 ^Ga^gN^^^y KM42, M 
g &iIlfcj|$0.5/im£DpiG a N n > # ? h jf 43 Z0JkB& b 1/ - -9*^18 
51 £^^5. P M©GaNn>#* bM43i:lCj?35Onm0>/^^?<k (Pd) 

iij?$o. (au) o)vmmmMitBm-tz>° s^ic p§?m*i44£ 

450 c C<7DM&T*i&*ra$:;ffe>= ^fflpMfi44ii, "7 T >f 7««21(Z> 
X>y^->yt^tCG a NJ143^®<Z)^$:*EtaT^S (05 (b) ) „ 
[0 0 4 7] 

7fcic, UA,gfc£:eii®?&i*f2<z>M-££b3 5 0°ci:Lfex7f >^*It:EI5 (b 

) T-^^tlfe^^#I^^^L/-^^5r^b, t77^rlWi^9 0 

sfX'gzt-to. no^-mmmx $ 300 a m © i*- ? 7 >r r s«3i & & £ £ r ^ # 

T ^§ o Jg{cx>y^>^tCi: U G a NH32, T * ^7 33&tf G a N §135(7) -gp * T* 
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Zmm-tZ- GaN0E35tt, GaN/1*;7 7S32il^fflj£«©50MmgS*7f 
X^^'b^ fiffclC, atffibfcGaNK35(BMlCjS<*5Onm0>T i&tfJ? 
$0. 3 /*m(7)y;i^-A (Al) ^e,&5nSffi45S:^-rS (0 5 (c) ) o 
[0 0 4 8 ] 

[0 0 4 9] 

lg3©^©^«i-ctt. ^:77>fT3£*tccffi&^T*bfc#, (i-ioo)cd 

[0 0 5 0] 

32, TX^33, $P,tCGaN^35(DGaNy^y^Tji32hCD#ffi^^^50Am@ 

«*Bfc:feUfc^ W*lC«fc»JGaNK32, fc«fctfv* *33&Bfc£ U SfcJCGa 
NK35<OGaN^^7T»32i:a)#®5e^S:l»*b'r^e>, nSS«, 

[0 0 5 1 ] 

[gjffioofM&tM 
[0 1] 
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> 9 m m v> ^ i t & b •? m x & & „ 

[03] 
[0 6] 

i i it^r-rrs* 

12 GaN;^)/7rI 
1 3 ^7 

1 4 fi^MIc 

15 G a Nl 

16 Si0 2 l 

17 T$ y (T i ) -± (Au) 

3 1 cMoo-y-^r^rs^ 

3 2 GaN/t777l 
3 3 

3 4 J&J^I*£ 

3 5 nm^n^^mULtcG aNl 

3 6 nIG a Njg 
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3 7 nMAl 0>15 Ga 0 _ 85 N^^^y hM 

3 8 nlG a Nfttf-Y KM 

3 9 yy K-^In 0>2 Ga 0 _ 8 N^r y F-7°In 0 _ 05 Ga 0>g5 Nff^jS^^^^10MM 

4 0 2 0 n m(Z)pMAl 0 2 Ga 0 8 Nji 
4 1 pMG a N^tf-f KM 

4 2 pMAIq g N^>y Kit 

4 3 pM=3>## bJS 

4 4 J^^VVk* (Pd) ^ t^^r (Au) ^6*6piti 
4 5 (Ti) hT;i/^ fr^te&nMM 
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